The present study was carried out to ascertain the quality of water at western zone of Narmada River of Madhya Pradesh (India). Due to heavy discharge of harmful and deleterious substances in river, the biological, chemical and physical characteristics of water have changed to a considerable extent. The objectives of this study were to find out the changes in physico-chemical nature as well as biological health of Narmada River. A thorough study was done on the basis of prevailing seasons. The deterioration of water quality was noticed at lower site of water body in a particular season as low temperature, dissolved oxygen and higher concentration of content of chlorine, etc., all pointing towards the nutrient enrichment. This evaluation will be immensely helpful to estimate the effect of impoundments on the quality of water, fisheries development and reservoir management policy. The microbial analysis was also conducted in terms of most probable number (MPN) of total coliforms in water sample and its highest value (1239) was reported from downstream of Omkareshwar dam site of Narmada River. Water quality index of all sites of Narmada River was calculated for three seasons, viz. summer, monsoon and winter and it was found to be highest (123) at Koteshwar dam site of river in monsoon season and the lowest (70) was observed in water of upstream of Omkareshwar dam during winter. The suitable correlation coefficients were calculated for 7 pairs of variables and correlation matrices were then established seasonally.
INTRODUCTION
Water is the most indispensable natural resource in the world for the sake of existence of life. Narmada is the fifth largest river of India. It is commonly known as the Life line of Madhya Pradesh. Water quality is critical public health concern in India. Water pollution in Narmada River has come to alarming proportion in recent past. Thus, the estimation of water quality is very important for proper assessment of associated hazards (Warhate et al., 2006) . Recently, several indigenous and useful species are dwindling day by day. To cope with these problems, there is need for application of oriented limnological research so that we can better utilize the most important resource of ours. In this context, change in several physicochemical features of water of Narmada River was *Corresponding author. E-mail: khwajasalahuddin@yahoo.com or salahuddin212@gmail.com. Tel: +919067721514. Fax: +912852675731. (Agarwal et al., 1976) . Any alteration in these parameters may disturb the quality of water. Dissolved oxygen is of great importance to all the living organisms and is considered to be the sole parameter which to a large extent can reveal the nature of whole water body. Eutrophic water bodies have a wide range of dissolved oxygen and as such oligotrophic water bodies have narrow range of dissolved oxygen (Rucinski et al., 2010) . Biological oxygen demand (BOD) also indicates the amount of organic compounds in water as measured by the volume of oxygen required by bacteria to metabolise it under aerobic condition. Biochemical oxygen demand is represented by the amount of organic matter present in water. For more organic matter, more oxygen is required by bacteria for its decomposition. This results in release of organic nutrients in water bodies resulting in death of organisms thriving on water (Rustum et al., 2008) . The magnitude of BOD is related to the amount of organic material in waste water. The strength of waste water is expressed in terms of BOD level. Water pollution is generally indicated by the presence of harmful and harmless microbes. Microbial examination of water is a direct measurement of deleterious effects of pollution. Most probable number is the most common microbial parameter for the sanitary analysis of water. The test is used to detect coliforms, a group comprising of all the aerobic and facultative anaerobic, Gram negative, non spore forming and rod-shaped bacteria. These inhabit the intestines of all warm-blooded animals. The discharge of waste water from municipal sewers containing human faecal matter is hazardous to human health. Faecal contamination was routinely detected by microbiological analysis (Nogueira et al., 2003) . The aim of this study was to ascertain the impact of several physico-chemical parameters on water quality of Narmada River and to assess further its nature in terms of microbial growth. Assessment of water quality is done to analyse the physical, chemical and biological characteristics of water (Kazi et al., 2009 ). Water quality index aims at giving a single value to the quality of a source reducing great amount of parameters into a simpler expression and enabling easy interpretation of monitoring data. In this study, water quality index (WQI) is used for assessing surface water quality. Water quality index is a tool used to determine conditions of water quality and, like any other tool, require knowledge on principles and basic concepts of water and related issues (Khan et al., 2003) .
MATERIALS AND METHODS
Narmada River is the largest western flowing river in the Indian peninsula (Table 1 ). In the present investigation, water samples were collected from five different sites viz. Omkareshwar upstream, Omkareshwar downstream, Maheshwar dam site, Mandleshwar and Koteshwar sites ( Figure 1 ). These study sites were situated in a stretch of 220 km of the western zone of Narmada River. The study was based on spatial analysis (Yusuf and Shah, 1986) . Water samples were taken in plastic bottles in triplicates for all seasons such as winter, summer and monsoon and analysed onsite and offsite for selected physico-chemical parameters such as pH, alkalinity, total hardness, chlorine content, total dissolved solids, dissolved oxygen and biochemical oxygen demand (Pejman et al., 2009 ). Temperature and pH were noted onsite, while other parameters were analysed in the laboratory after the samples were properly transported using a pre-cleaned 1 L plastic container in an icebox (NEERI, 1986 ; APHA 2000)
Microbial analysis was performed in terms of most probable number (MPN)
MPN is performed sequentially in three stages: presumptive, confirmed and completed test.
Presumptive coliform test
It is used to detect coliforms in a water sample. In this lactose fermentation, tubes are inoculated with different water volumes and production of acid and gas from the fermentation of lactose in any of the tubes is a presumptive evidence of coliforms in water sample. The lactose broth (lactose-5.0 g, peptone-5.0 g, beef extract-3.0 g and distilled water-1 L) used in this test is selective for the isolation of coliforms. A pH indicator Bromocresol purple is also added to lactose broth for the detection of acid. The colour of indicator changed to yellow with the production of acid from lactose.
Confirmed coliform test
In this, water samples from all the positive presumptive lactose broth were inoculated into tubes of brilliant green lactose broth and incubated at 35°C for 48 h. This test is used to determine MPN. MPN = Number of coliforms per colony count x 100 / Volume of sample used
Water quality index
The calculation of water quality index was done using weighted arithmetic index method (Brown et al., 1972) . They proposed multiplicative form of the index where weights to individual parameters were assigned based on a subjective opinion based on the judgement and critical analysis of the author. The weight assigned reflected a parameter's significance for use and had considerable impact on the index. This index is based on the comparison of the water quality parameters to regulatory standards and gives a single value to the water quality of a source (Abbasi, 2002) .
Where q n = Quality rating for the n th water quality parameter; V n = estimated value of the n th parameter at a given sampling station; S n = standard permissible value of n th parameter; V io = ideal value of nth parameter in pure water (pH = 7, DO = 14 mg/l and for other parameter = 0); W n = unit weight for n th parameter; S n = standard value for nth parameter; K = constant for proportionality.
RESULTS AND DISCUSSION
The present result depicted the true picture of water quality on the basis of seasonal variations. The pH of different water sample shows little variation from slightly acidic to slightly alkaline. The greater pH may be caused by increase in dissolved oxygen produced as a result of photosynthesis (Wetzel, 1975) . The acidic pH is a characteristic of oligotrophic water bodies whereas the neutral and alkaline pH are shown by eutrophic and mesotrophic nature of water bodies, respectively (Kumar et al., 2008) . The pH is directly dependent on the amount of CO 2 present and inversely proportional to the activity of photosynthesis (Pandit et al., 2001) . At all sites of Narmada River, alkaline pH was reported and its value was found to be maximum (8.4) at Koteshwar dam during winter season. (Figure 2 ) Alkalinity is total measure of the substances in water that have acid neutralizing ability (Hoko, 2008) . Its level showed greater variation at all sites. The highest alkalinity (138 mgl -1 ) was reported from the site of Koteshwar study site during monsoon season, whereas the lowest (115 mgl -1 ) was found to be at Maheshwar dam site during the same season. The amount of alkalinity is dependent on the nature of materials discharged in water bodies (Figure 3) .
The total hardness was found to be high in all water bodies. This is highest (172 mgl ) at Omkareshwar downstream study in winter season. The hardness is due to dominance of salts of calcium and magnesium which indicated surge in eutrophication of river resulting to greater pollution level. The presence of lower pH and higher hardness may affect their continued use (Chatterjee and Raziuddin, 2002) (Figure 4) .
Chloride that dissolves easily in water is toxic to most aquatic organisms because it reacts quickly with other substances in water (Padmanabha and Belagali, 2001 ). The amount of chloride in all water bodies was found to be higher in all sites. At Maheshwar dam site, the maximum content of chloride (26 mgl -1 ) was noticed during monsoon season, while the minimum (18 mgl -l ) was reported from upstream of Omkareshwar dam in winter. The high amount of chloride is an indication of burgeoning anthropogenic pressure on water bodies. The increased chlorine is generally due to the salts of sodium, potassium and calcium ( Figure 5 ). Chloride content showed negative correlation with pH (r = -0.32) and positive correlation with alkalinity (r = + 0.35) and hardness (r = + 0.49) ( Table 2) .
The total dissolved solid (TDS) is the sum of the cations cations and anions concentration. A high content of solids elevates the density of water, reduces solubility of gases like oxygen and mitigates the utility of water for drinking, irrigation and other purposes. TDS was found to be highest (357 mgl The depletion of oxygen can result from a number of natural factors but is most often a concern as a result of pollution and eutrophication in which plant nutrients enter (Heinz et al., 1995) .of same site showing the inverse relationship with temperature. This happens due to heavy amount of organic matter discharged which needs oxygen for decomposition. As such, low dissolved oxygen indicates the biodegradation of organic matter (Abowei et al., 2010) (Figure 7) . Likewise, the biochemical oxygen demand also indicates the amount of organic compounds in water as measured by the volume of oxygen required by the bacteria to metabolise it under aerobic condition. For more organic matter, more oxygen is required by bacteria for its decomposition. This results in release of organic nutrients in water bodies resulting in death of organisms thriving on water (Jonasson et al., 2012) . The highest degree of biochemical oxygen demand (10 mgl -1 ) was reported from Koteshwar study site during monsoon season, while lowest level (4.0 mgl -l ) was observed from upstream of Omkareshwar dam during summer season (Figure 8 ). Dissolved oxygen was found to be positively correlated with pH (r = + 0.28) and showed negative correlation with chloride (r = -0.66), alkalinity (r = -0.67), hardness (r = -0.56) and biochemical oxygen demand (r = -0.67).
Water is considered safe for drinking if it contains less than four coliforms per 100 ml of water. The occurrence of coliforms detected in water is a direct measurement of deleterious effects of pollution of human health. In laboratory, to confirm the water quality to drinking water standards, the actual number of coliforms was not reported but they are mentioned as an approximate count-MPN. These dam sites are present in close vicinity of human settlements so the abundance of coliforms is immi- nent. In this study, the MPN value was found to be highest (1239 cfu/100 ml) at downstream of Omkareshwar dam site during monsoon season and lowest (682 cfu/100 ml) was reported at Mandleshwar dam site of Narmada River in winter (Karafistan and Arik-Colakoglu, 2005) (Figure 9 ). MPN showed negative correlation with DO (r = -0.42) and positive correlation with BOD (r = + 0.57).
The expression of water quality that offers a stable and reproducible unit of measure which responds to changes in the principal characteristics of water was responded (Faisal et al., 2003; Kannel et al., 2007) . Water quality index (WQI) is a mechanism for presenting a cumulatively derived numerical expression defining a certain level of water quality (Bordalo et al., 2006) . In other words, WQI summarizes large amounts of water quality data into simple terms e.g., excellent, good, bad, etc. for reporting to management and the public in a consistent manner. In the present study, water quality index was found to be the highest (123 mgl -l ) at Koteshwar study site of Narmada River during monsoon season, whereas the lowest (70 mgl -l ) was observed at upstream of Omkareshwar dam of Narmada River during winter (Figure 10 ). 
